ABSTRACT. Mercenaria mercenaria, also known as the hard clam, is widely distributed in the coastal waters of temperate and tropical areas in the Asian Pacific region. This species is widely popular in the international market, especially in the United States, Europe, and other Western countries, because of its high protein value, taste, and simple farming requirements. In this study, 17 novel microsatellite loci from the M. mercenaria genome were developed using the fast isolation by amplified fragment length polymorphism of sequences containing repeats protocol. Thirty-two wild individuals were used to evaluate the degree of polymorphism of these markers. Results indicated that there were 11 polymorphic loci and six monomorphic loci, and the number of alleles per locus and the polymorphism information content ranged from two to six and from 0.059 to 0.498, respectively. The observed and expected heterozygosity varied from 0.0625 to 0.5333 and 0.0615 to 0.4977, respectively. The Y1-4 locus deviated significantly from Hardy-Weinberg equilibrium (HWE) after Bonferroni correction was applied, while the other loci were in HWE. These loci will provide useful information for M. mercenaria population genetic studies.
INTRODUCTION
Mercenaria mercenaria is also known as the hard clam because of its hard shell. This species is endemic to habitats in the Atlantic Ocean on the west coast of North America, north of the Gulf of St. Lawrence, and south of the Gulf of Mexico, and it inhabits areas from the intertidal zone to a seabed depth of 15 m (McHugh, 2001) . M. mercenaria is widely popular in the international market, especially in the United States, Europe, and other Western countries because of its high protein value, taste, and simple farming requirements. It usually has strong environmental adaptability, including wide temperature and salt ranges (Ansell, 1968; Arnold et al., 1991; Rice and Pechenik, 1992) . Considering that its geographical distribution (in terms of latitude and longitude) is the same in China, the key ecological factors in this region should also be suitable. Therefore, this species was first introduced from the United States to China in 1997 to promote shellfish consumption, to add new farming industry species, to promote the sustainable development of the aquaculture industry, and to further accelerate the development of beaches and ponds (Hoover, 2007; Wang and Zhang, 2011) .
Microsatellite DNA, also as known as simple sequence repeats (SSR) or short tandem repeats (STR), refers to a handful nucleotides in the DNA sequence that are repeated in tandem several times . Compared with other molecular markers, non-coding microsatellite markers have high polymorphic information content (PIC), high repeatability, and co-dominant inheritance. Moreover, the markers are widely used in population genetics, population differentiation, linkage analyses, and evolutionary studies (Li, 2006; Li et al., 2013) . Previous studies of M. mercenaria were mostly focused on morphology, artificial breeding, and environmental factors. Studies of the population structure of this economically valuable species remain insufficient, so studies on the development of genetic markers are urgently needed. In this study, a novel marker suite of 17 loci in M. mercenaria was developed, which may be useful for future studies associated with population genetics and the protection of species resources.
MATERIAL AND METHODS
Here, we report 21 microsatellite markers from M. mercenaria, which were identified using the fast isolation by amplified fragment length polymorphism of sequences containing repeats (FIASCO) protocol (Zane et al., 2002) . High quality genomic DNA was extracted from the muscle tissues of a wild M. mercenaria individual collected from Xiamen, China using a genomic DNA extraction kit (Tiangen, Beijing, China) according to the manufacturer instructions. The DNA concentration was estimated using an ultraviolet spectrophotometer and electrophoresis on a 1% agarose gel. The DNA was then diluted to 100 ng/µL, and it was digested for 10 min at 65°C with 10 U restriction enzyme FastDigest Tru1I in a 25-µL volume. The digested fragments (500 to 1200 bp) were purified and ligated to MseI adapter 1 (5'-ACGATGAGTCCTGAG-3')/MseI adapter 2 (5'-TACTCAGGACTCAT-3') using T4 DNA ligase (Fermentas, Vilnius, Lithuania) at 22°C overnight. The digestion-ligation mixture was then denatured and hybridized to the biotinlabeled oligo-nucleotide probes (CT) 15 and (GT) 15 . Fragments containing microsatellite repeats were captured with Streptavidin-coated Magnetic Sphere Particles (Promega, Madison, WI, USA), and non-annealed DNA was washed away. The recovered products were amplified using MseI adapter1, and the PCR products were purified to remove extra dNTPs and adaptors. The purified products were ligated to the pMD19-T vector (Takara, Shiga, Japan), and were then transformed into Escherichia coli (Invitrogen, Carlsbad, CA, USA) for further selection on ampicillin plates.
A total of 152 positive clones were amplified via colony-PCR using universal M13 primers. DNA fragments above 500 bp were sequenced by the Invitrogen Company (Shanghai, China), and 130 sequences with microsatellites were successfully obtained. Thirty-nine pairs of primers were designed using the Primer Premier version 5.0 software, and the amplification conditions for all primers were selected via optimization in an Eppendorf Mastercycler Gradient System (Eppendorf, Hamburg, Germany). Successful primers were validated using the genomic DNA of 32 wild M. mercenaria individuals that were collected from Xiamen, China. PCR amplification conditions consisted of a 10-µL reaction mixture containing 50 ng genomic DNA, 10X Taq buffer, 2 mM MgCl 2 , 0.4 µM of each primer, 0.2 mM of each dNTP, and 0.25 U Taq DNA polymerase (Fermentas). PCR was carried out under the following conditions: pre-denature at 94°C for 5 min; 37 cycles of denaturation at 94°C for 40 s, annealing at an optimal temperature (Table 1) for 40 s, and 72°C for 1 min; and a final 10-min elongation step at 72°C. The PCR products were electrophoresed on 6% denaturing polyacrylamide gels in a Sequi-Gen Sequencing Cell (Bio-Rad, Hercules, CA, USA), and then visualized using silver staining. Table 1 . Statistical information associated with 17 microsatellite loci in Mercenaria mercenaria (32 individuals). Ta = annealing temperature; N A = number of polymorphic alleles per locus; H o = observed heterozygosity; H E = expected heterozygosity; PIC = polymorphism information content. *high significant deviations (P < 0.0045) from Hardy-Weinberg equilibrium after Bonferroni correction (k = 11). In this study, we successfully amplified 17 novel microsatellite markers (Table 1) , including 11 polymorphic microsatellite loci and six monomorphic loci. The number of alleles per locus and the PIC values were calculated using the POPGEN32 (version 1.32) software (Yeh et al., 2000) , while the observed and expected heterozygosity values were calculated using the CERVUS 3.0 (version 2.2.3) software. Deviations from Hardy-Weinberg equilibrium (HWE) and genotypic linkage disequilibrium were also tested using POPGENE 32 (version 1.32).
